PROPOSITIONS 
Concerning i! 
OPTIC-GLASSES {|| 


With their natural Reaſons , drawn from 
Experiments, 


IR—_— —_ - 
_- ment 


OXFORD, 


Atthe THEATER. 
Ann. Dow, M. DC, LXXIX, 


, , 
THE 3.3K % 
* 
hd - Eo” 
. 
, ” 


EXPLICATION 


Of ſome terms. 


He union of the beams, both m per- 
ſpettive Convexes,and refleting Con- 
caves, not being at the center of ſuch 
circle whereof the glaſs u a portion, butat the 
half-ſemidiameter, or thereabout . the Reader 
i defired that whenſoever he finds any men- 
tion of the rays meeting in the center of the 
glaſs, he would underſtand the place of their 
union , and not the center of that circle 
whereof the glaſs u a part. 
By the vertex of a glaſs, I mean the 
middle point of its das 
' By conical rays, | mean thoſe, which con- 
trafl themſeves, the farther they flow from 


the object, till they end in a point. 
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The explication of ſome terms. 

By circumferential, or circular rays, I 
mean thoſe which dilate, or grow wider, the 
farther they flow. 450 

By parallel rays, thoſe which are always of 
the ſame wideneſs, neither dilating , nor 
contraiting themſelves, how far ſoever they 
are prolonged. 
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1. I a_grolſer body pal chro./2' Medinth/aiore: 


| £ 
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' tenuious {( as4 ball thro the air )' it divideth 
the Medium, and ſo. ſuffers ao divifion.of parts; 
_. >. but jf a more- tenyious -.pirtge three! Medi- 
um more. groſs ( as the rays af light.and.colours paſting 
thro miſty . air, water, | Oz; glals,')/ -iÞ 'is divided by 
the Medium , and paſſeth. disjoyned> it-'T may ſo fay, 
thro the more - porous, parts--of the Medinim-; and 
this diviſion, and ſpreading of the beams {le or more) 
obſtructed renders the appearance of the objec :fom- 
times bigger, ſomtimes acerer-then it is. ol eric 
x. Bigger! then"in- dc 

deed' it = arid hence © © HI 
alſo thro: @'"thicker © 70 
Medium 1t +'feerr out 
of its'natural- place ; as* 
a- piece of Silver lay'd- 
in the bottom of a pot 
enipty ,” to” one- that - 
ſtands arfuch a diſtance! + - * 
from it being not een, 
if the pot be filled "with '' 
water, the image there-' 
of at the ſame diſtance y y 
may be ſeen.,' from this thicker Medium a randizing 
and ſwelling the ſpecies, 'or beams, 'coming- from the 
obje& ,- by not giving the” rays thereof” 1of direct a 
paſſage, but repelling,and reverberatingoriit of them, 
»i [1990 A 


ſo 
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ſo that-theſe advance forwards by many ſeveral ob- 
lique refleCtions, as inFig. 1. | 

So alſo when the Beams of light paſs thro a thick 
Glaſs, as we do ſee that ſom beams beaten back b 
the exterior ſolid parts of the- glaſs enter not at al; fl 
others, that enter-in, Yo/afterwards daſh upon ſome. in- 
ward parts of the ſame denſity, upon which when they 
fatt obliquely;they areſtillfo driven forwards,but ſom- 
what tarned afide;yet always by right lines; and ſo the 
whole body of them hecoms more extended in breadth, 

2. \Neerer: the beams of the objeCt as they are en- 
Jarked, ad” widened; ſo ſeeming ſhorter, as we ſee 
Cables ſwelled by Water [in their thickneſs are accor- 
dingly ſhrinkedar their lerigth. So any thing lying 
in the: bottom ofa port, 'r the bottom it ſelf ſeems 
much 'neerer 'when the pot is filled with water than 
when empty. So part of a ſtrait and equally thick rod 
being looked upon, -part thro a thinner, part thro a 
grofler Medium ( as part thro ayr and part thro, wa- 
ter ) that part ſeen thro the water ſeems -both thicker 
and neerer to us then the other- part doth ; -and hence 
it appears crooked and clubbed. , So allo Glaſles mas. 
gnifying the obje&t, repreſent it neerer, as Convex 
glafles; diminiſhing, ſhew it farther of thea it is, as 
Concaves. 

2. The beams of an object falling direaly upon the 
plain ſurface of a groſfſer tranſparent Medium , paſs 
{trait thro it, tho they may ſuffer ſom obſtructions 
and oblique reverberations in theirpaſſage ( as is ſaid 
in the former propoſition) and hence the perpendi- 
cular beam is ſaid to have no refraftion i, e, not to 
bend to one fide more then to the other. 

3. But the beams that fall obliquely that is / as ſom 
explain it) one, part of the beam ſooner, then, another 
pon a ſurface plain, are ſaid by them to xouive.. 

end- 
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bending / or declination ; a declination.” that -way' 
where the ſhorter fide 'of' the ray. happens . to. be; 
or where-the ray firtt- toucheth the ticks: Medium , 
and 1o is ſtoppedor. hindred in his courſe ;: for that 
part of the beam which firſt comes .to the 1grofler 
Medium now being ſuppoſed 'to' move lower , and 
the other fide not yet come to it to move ſwifter, 
this. turns. it -about = any thing doth that is in 
motion): when - one + fide is ſuddenly hindred} and 
the other ſtill -at liberty :-- Accordingly: the decli- 
nation orrefration.of an. oblique beam falling: upon 
2- plain ſurface'of. a: groſser Medium; is! ſuppoſed to 
be toward the perpendicular or middle ray drawn 
from the obje& to ſuch a Medium. But contrarily 
when falling upon a plain ſurface of a thinner Medi- 
um, at its comming ouk, of a thicker, ſuch declina- 
tion,is ſuppoſed to be from the Mmm Hence 
ſome, impute the viſion of an Object that is in the bot- 
tom'bf a veſſel filled with water (-which-obje& can- 
not be ſeen in'the ſame Ration the veſzet being emp- 
oF ) not to the ſwelling; but bending'of the ray from 
the perpendicular at its exit | 
out-of the thicker / watry ) 
intothe thinner (-aery ) Me- 
dium; whereasa ſtraight. ray 
from the Object vaſeth A- 
bove, ariEmiſcerh the eye 10 
placed, as in Fig. 2. | 
Bur quezre farther concer- 
ning the truth of this third 
propoſition fince we find an 
oblique ſan beam, paſling in 
ſom part of its way-thro glaſs, 
to fall on a wall; in the-ſame 
point as if it had paſſed only 
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throthe air,in aftrait line.Of which the reaſon perhaps 


may be, becauſe ir receives a contrary: declination , 
when — out ob the-glaſs,: equal to the other de- 
clinatian, when coming mito 'it,and fo the beam be- 
comes'redtified, i 11 11 | #1 1o 1 

' 4« Thefame it wilt be ini the dire; -and perpendi- 
cular beams of any obje& fatting upon: the oblique ſur- 
faceof a thicker Medinm; which turface is either con- 
vex; dr:cancave ::if convex; the beams are refracted 
or bended: towards the- perpendicular, or midle ray 
(:tor : always te that papt of the ray: which firſt: rouch- 
eth the Medinm;'is the refraction made) as in Fig. 3. 


. ; 
- And the greater 

the: :obliquiry the |: - 

greatet the'refra-: | l | | 
Rion ; !'or + bend+- 11h 

ing. | Hence >the It | 
beams paſting thro - 1 | ; 
a glais cir ar,and = 
convex towards the | 
objet , are all | 


brought. towards if 

the Center of the ; Ry 
circle of which the "pb 75-- Þ 
glaſs is'a portion , | | 

and many of them 
meet in it; thoſe that fall .moxe. obliquely, and on the 
fide of the glaſs, having @ greater: hending: { becauſe 
the one fide of the ray in; the:moce oblique is ſooner 
ſtopped , and the other 4ide:mean while moves til} 
forward a farther ſpace at liberty, which turns the ray 
ſtill'more about.) as in Eig+4. thoſe, 'that fall leſs ob- 
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liquely, a lefler. 
a1;'! 


You 
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You may ob- 
ſerve alſo that the 
more any ray" fal- 
eth on'the fideof 
the circle, it' ma- 
keth 'the more a- 
cute angle, and 
the angle at its 
comming forth be- 
ing equal to 'that 
at its -entrance, 
and fo alſo more 
acate,hence it hath 
a greater tending 
towards the center, 
then the ray ' that 
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falleth neerer the vertex; fo! that the. nage of the. 
if you take it upon''paper placed: atthe Cemtes 
of the glaſs, is there feen moſt exact ad —_ the 


leaſt or ſmalleft. 

5. But it the ſutface of 
the Mediim be concave on 
which the beams fall, they 
are refracted from the 
perpendiculat or ' middle: 
ray, and ſo by paſfing chro 
fuch 'a Mediumare'much- 
more difunited and dif | 
6. Two Convexes Joys | 


ned together, one towards -'|þ 


the Obje, - the. other 'to- 
wards the"eye ,- unite the 
beames much ſooner | ( bya-! -: 
third part ) then a gormee th IT 
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toward the Obje@ and a plain on' the other -fide 
doth. Becauſe the out fide of the beam- coming. out 
of that groſs Medium ſooner then the inſide thereof 
in this double convex,then it would do in a plano-con- 
vex, and ſo moving more ſwittly (-whilft the other 
fide yet detained in the thicker body, moves ; more 
ſlowly ) curns the beams ſtill more inward, as in Fig. 4. 
In like manner a Concave on both fides more ſpreads 
the rays then a plano-concave, as in Fig. 5. | 

7. The more beames are brought .to the eye from 
any Obje&t, the | wy it appears; the fewer, it ap- 
pears the lefſer: hence an Obje& looked upon thro 
a convex glaſs uniting the rays, appears bigger; thro 
a Concave diſperſing them, lefler then it is. 

8. From bodies terminated, and not penetrable or 
paſſable, the dire beams of an Object -are refleed 
and beaten backin the lines of 1ncidence, -or the ſame 
way they 'came, if the: ſurface on which the beams 
fall be ſmooth: : otherwiſe. a rough ſurface ſo ;breakes 
them, as they render no image at all of the obje& from 
whence they: iſſue, and theretore thoſe bodys which 
by their littleneſs of parts are capable-of moſt ſmooth- 
neſs, make the perteeſt refletions, and the Obje&t 
moſt viſhible. {, | 
> 9- But when theſe beams fall upon an - oblique ſur- 
face they move/backward not in the ſame line they 
deſcend. upon it; - but either more _ outward /from the 
perpendicular (as it is ina refleting Convex glals ) 
or more inward towards the perpendicular, (as ina 
refleing Concave glaſs) as the outſide or infide of 
the ray is later repelled by the oblique ſurtace: for all 
the ray being not beat back at-once,- but one fide of 
it ſooner then the'other, therefore in its return it di- 
verts that way where it found later reſiſtance, and 
that is toward the longer fide of the ray, or that fide 
whiehcame later to the obſtacle. 10, When 
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10, When a beam or line is reflefted from a ſmooth 
ſurface of any body, whether plain or circular, con- 
cave or convex, the angle of refleftion is always equal 
to that of its incidence, as in fig. 6. 


6 


= Ir 


i.e. ſuch an angle as is made between the glaſs and 
the line that falls on it, ſuch a one is made between the 
Glaſs and the line returned from it, for it is repulſed 
equally, and wanting gravity there is no reaſon why it 
ſhould decline toany fide: bur it is otherwiſe in heavy 
Bodies .repulſed , which in their rebound are a little 
ſwayed downward by their weight { as in a Ball re- 
bounding fideways: ). The eye therefore as it is put in a 
ſeveral place, ſees the Obje& by the reflex, not of the 
lame, but a divers beam { that which comes to it in one 
place miſfling it when the eye is removed to another: ) 
And hence the Object is not always diſcerned by the 
eye, when its Rays fall upon the Glaſs, becauſe all the 
refletions may miſs the eye, and ſomtimes' the; refle- 
ions which come to the eye, are only thoſe which 
come from the croſs Beams of the Obje&, and then 
the ObjeCt is ſeen inverted., -. 

11. The refle@ions of the croſs Beams which fall 
from an Obje& on reflecting Glaſſes, plain or convex, 


_ -_ come to the eye when placed oppoſite to the 
aſe, 


Becauſe 


7 
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Becauſe ſuch beams ſpread much outward; as in fig. 
7. nor yetwhich fall on a Concave reflective, or Con- 
vex perſpective, when the ObjeC is very near the Glaſs 


and within its Center. as in fig. 8. 


Henceno Obje& can 
be ſeen revers (if it be 
direaly hte to 


the Glaſs) fave from a. 


refleQive concave and 
a perſpeCtive _ convex, 
when the Object is pla- 
ted without their Cen- 
ter, which two .turne 
the Beams inward. 
Alſo the Beams re- 
turned by a convex are 


4 
4 


widened 


Of Convex Glaſſes. | 
widened and dilated; returned by a Concave, brong 
nearer and united. v. 4. 5. of Concaves, L 

12. So that now in reflexive viſion, upon the rea- 
ſon forementionet, things are quite contrary to what 
they are in perſpective viſion. For an Object refleted 
from a Convex glaſs diſperſing the rays, appears leſs, 
being ſeen only by ſome reflected lines which are near- 
er to the vertex of the Glaſs, the. ſpreading of which 
alſo make every thing appear as if it were round, nei- 
ther doth the image appear much behind the ſurface 
of the glaſs, \never beyond the center thereof; but 
from a Concave uniting them, appears bigger then it 
is. Hence are Concaves in refletion, convexes in per- 
ſpeftive uſed to aggrandize Objeas. 

Alt this which hath beer-faid, may eafily be under- 
ſtood, by putting a tew briſtles thro a peice of leather, 
or parchment, ( the holes in the parchment reſem- 
bling the pores in the Glaſs, which are made ftreight 
by heat, and the briſtles the rays) and then bending 
the. -parchment.- concave»: or convex-wile:' where we 
may ſee how the ends of the- briſtles accordingly cons 
cur,: or are fatther ſevered; - QF which ſpreading, or 
uhiting: of rays: by: bended; Glafles, Gaffendos his ex- 
preſſion (amounting to the ſame effe& with the orher ) 
is this; that firemaking the pores of Glaſtes alt-ffreighr, 
ſo-that-in hending, or crookened.Glaſles, thaſe happen 
not, as in plains, to be directly eppeſite-toche ; 
hence the beams coming irc abol ect upon fncls 
a Glaſs, ed, and bended jnward;. or outward; 
and fgare the moreunited, or difperſed; \accomdingas 
they daſh againſt the Hill, or ſide of the pore; and 
come alſo more or leſs hended,asthey dat ſoonerup- 
on ſuch hill, ( as it is in beams mare oblique;} ar later; 
(25m, & more. dined?. /;- 1 0219 niBlq 8&1 [10's 
. 13-1 he lame Ray falling upon an oblique ſurface; 
ome 0 B poſleſſes 
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or ſpreads over more' ſpace of it, then falling Up a 
plain, as in Fig. 9. & I, | 


1 þ I0 
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Hence le6quantity, or extent of an Object can- be 
received by a-convex, then by a plain ſuperficies,” or 
line, - which is of the ſame length with the convex; .be- 
cauſe the crooked line is not ſo fardireQtly extended ; 
as Fig. r1. N 

5. Hence the ray fal- IT | 
ling upon ſuch circular | ah ere 
Medium:, is:ſeen thro it RIG OLE , 
= __ extended, and 
therefore the Object a 
pears magnified. And bt. 
cauſe fewer rays over- 
Tos: the whole co = 

the convex glaſs, | 
would a plain; hence the rays. Fall from an 'Objeat t- 
_ it, as lines from a center, , tending to acircumfe- 
| rence, 


rence, ſtill widening more and more the farther they 
goe. asS in Fig: T2. 

16: Hence : the farther I2 
the glaſs is removed from - 
the Obje& as long as it is 
placed within the center 
of the _=_ (by center of 
the glaſs, I mean not the 
middle of the glaſs, but 
the center of the Circle, 
of which the Convex glaſs 
is a portion ; | which being 
a double Convex muſt be 
underſtood alſo to ' have 
a double Cenrer, one to- * 


ward the object, another 
toward the eye ) ſtill a leſs 


quantity of the Obje&'is 
perceived ; beans hat | ſer, 2 
which-is-perceived, is enlarged as it goes farther. 

17 | Hence : alſo: the ' greater the Convexity of the 
Glaſs is (as the lefſer the Circle is of which it is a por- 
tion, the. more convex it is ) the more it magnifies the 
Object, bur the. leſs quantity;or extent of the Object ir 
receives; and the neerer muſt the Obje& be placed for 
dire&t. viſion; becauſe it muft be-placed within, or at 
its Center.' - Contrary: the leſs the Convexity of the 
glaſs is, the: leſs it magnifies, &c. 534 

18. Ina Convex glaſs ofa larger ſphzre, the beams 
—_— later: And ſooner in one of a narrower come 
pa angeo] + | 1 5 903 1 

rg: Beams in the point of Union/appear livelyeſt and 
moſt perfect.- Seerny 4: & 7. 7 19/71 6 T6 OL 
20; All Obje&s fall ar all times onthe glaſs both by 
perpendicular or collateral 8 by croſs rays. But _ 
B 2 accord 
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/ 


. 
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according as the eye is placed in a ſeveral diſtance, is 
made ſomtimes by the one, and then it is direct ; ſom- 
times by the other, and then it is reverſe: .as the retra- 
ion of the one happens to light on the {1ght, and of 
the other to mils it. | a þ 902 
21. No object is ſeen by any rrefracted or refleed 
beams, which are united and. croſs before they come 
to the eye; for all theſe miſs the eye; and befides, if 
the beams, by which the Objeft is ſeen, crofled twice 
before they came ro the eye {namely once before 
they come to the glaſs, and a ſecond time after they 
are refracted from it ) the Obje&t would ſeem not re- 
verſe, but rectified. The refracted or reflected beams 
therefore which come from the glaſs, by which the Ob- 
ject is ſeen, are always direct, tho the eye be placed be- 
yond the Center of the glaſs, for tho ( n. 4.) all the 
perpendicular rays of an Obyect paſſing thro a convex, 
are united in its center; yet: the oblique rays are:not, 
but paſs beſides the Center. By which rays the Obje&t i; 
ſeen elſe-where, tho faintlyer. You may fee this by 
ſetting the fame of a candle in the center of a concave 
glak, which flame is caſt forth from the glaſs in an u- 
nitcd body to a great diftance beyond the Center of 
the glaſs: in which Center did all thoſe beams perfe- 
&ly unite, and ſo. croſs one 'an other at rhe ſame di- 
ftance on one fide of the Center, as the glaſs is on the 
other, the beams thould ſpread and divide to the ſame 
circumference and latitude as they had in the glaſs, 
But experience ſhows that the compaſs of .light 
ata great diſtance from the glaſs is much narrower 
then the glaſs. And that the beams ſuffer indeed ſome 
dilatation, the further they goc, but by gentle degrecs, 
ranning almoſt paralel one to.an other. quere 
- / Whether a greater portion of a circle do not lefs- u- 
aite, and louger continue the concourſe of the m_ 
x racn 


—_— at Aa. 
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then a lefſer portion doth? and whether a greater con- 
vex doth not more,as well as ſooner unite them, then a 
lefſer convex,or that-ot aJarger Circle v. Concaves.n.4. 

22. It the object be; placed within the Center of the 
glaſs, the neerer.to the Center it is, it ſpreads the more, 
and the bigger it appears; but the viſion of ſuch Obs 
jects wherever the eye be placed; is always direct, never 
reverſe. Again. place the Obje where you will, it rhe 
eye be placed within the other Center of the glaſs, the 
vidion likewiſe always direct. | 

23- As the Obje&, when placed within the Center, 
the neerer it is tothe glaſs, appears-lefler, tho a grea- 
ter. quantity. of it then . appears; and | neerer to 
the center; - bigger; ' fo rhe neerer . that the eye 
(placed within the center) is to the glaſs, the lefler 
ſtill the Objet appears, becauſe many of the beams 
which are brought together in the Center, miſs the eye 
being placed before. this their meeting.ſee fig. 12. 

_ 24./If the: Object be placed in one Center of the 

las, or neer it, and the eye in the other Center, then is 

j— pertedteft viſion, and the Obje&tbiggelt, and moſt 
itiodt., | | 

25. If the object be in the Center, and the eye pla- 
ced any where beyond the center, then the beams ap- 
pear confuſed to 1t: hence we cannot magnify an Ob. 
je, placed within the Center, by many Convex glaſſes 
added. one to another. In the ſame manner like- 
wiſe it'is, it when the Object is beyond the center, the 
eye be placed in, or neer the Center. v. 3. of Conc. 

26. it the Objedt be without one center of the Glaſs, 
and the eye without the other center of it, then, and 
then only is the Obje& ſeen (by its croſs rays) reverſe; 
and the neerer the eye, or object are to the center, the 
bigger,and more contuſed the Object appears, the far- 
ther either. of them are removed from it, the leiler 
and more diſtinct. 27. The 
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27. The reverſion is perfe& and diſtin, when the 
glaſs is removed twice the diſtance of its center from 
the obje&t. Theſe things may be ſeen in drawing a 
glaſs that is much convex ( and hath its center neerer ) 
by degrees further from an obje&, { as ſom great let- 
ters or the like ) keeping your eye ſtill without the 
other center of it, where the convex glaſſes will repre- 
ſent the object unreverſed, ſtill bigger and bigger, till it 
is drawn ſo far of, that the obje&t coms to be in the 
center. Then the beams begin to croſs, and render 
all confuſed. After which confuſion the glaſs being 
drawn ſtill further of, the obje&t appears again di- 
ſftintly, but reverſed, and alſo double, if the glaſs be 
removed perpendicularly, and vifion be made with 
both eyes, which reverſe figure is biggeſt at the firſt, 
and as the glaſs is farther removed from the obje& leſ- 
ſer and leſſer; retaining then the juſt magnitude of the 
obje, when the glaſs is withdrawn the Diameter of 
its circle, or the diſtance of two of its centers from it. 

28. Whereas (n. 25.) if the eye be placed in the cen- 
ter of the glaſs, and the obje& beyond ir, there is only 
confuſion, the object then beginning to be inverted, a 
ſecond convex glaſs being added to the firſt,and remo- 
ved from it,the diſtance of the center of that glaſs,and 
beſides this, the diſtance of its own center ( at which 
diſtance all the glaſſes inthe longer perſpeCives are 
placed, ſo that the beams in the point where they are 
united by the firſt glaſs,are put exaQtly in the center of 
the ſecond glafs ) renders the object ( the reverſion be- 
ing now compleated ) cleerly viſible, and ſtill reverſe; 
whether you place your eye in, or beyond the center 
thereof; and much bigger then the firſt glaſs alone, 
having the ſame operation upon the beams,as they flow 
from, and are collected by the firſt glaſs, as the firſt 


glaſs is ſhewed before to have upon them as flowing 
from 
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from the objeQ; ſo that the object is now twice magni- 
fyed, and fo it may be ſtill more,by more glaſſes,placed 
in the ſame manner in-reſpeC of one an other, where 
the obje& affords light enough: and theſe two glaſſes 
magnify the obje& the more, as they are made more 
convex, and portions of lefler circles. 

29. A third glaſs being added in the ſame manner 
to the ſecond Tabs, hath the ſame operation upon the 
image of the objet; now preſented to its center com- 
pleatly 'reverſe, -( which the obje& was not to the cen- 
ter of the fecond glaſs) as the frlt glaſshath upon the 
object it felf, and to aneye placed in the'center of the 
third glaſs (or elſe place the eye beyond; the ceriter 
thereof, and it will ſhew it perfectly reCtityed) it ſhews 
all in confuſion, as the firſt convex did: the object be- 
ginning now againto be turned the contrary way by it, 
to its proper figure, and to be reQityed. Again a fourth 
convex,applyed in the ſame'manner to the third, as the 
ſecond was to the firſt, ſhews it perfe&ly and cleerly re- 
Qifyed, as the ſecond doth ſhew it reverted. . And 
this is the way of reCtifying the obje& in the longer 
perſpectives, where the obje&t looked upon by one, or 
three 'glafſes ſo placed, ſhews. the db (ed, by 
two of four, diſtintand cleer. I fay fo placed, elſe 
one glaſs, prunes at a further diſtance from an other, 
vill compleatly rectify the objeR; or the. eye placed 
_ the center, ſhall thro the glaſs diſcern the ob- 

, not confuſed, but inverted. Of the four glaſſes in 
. the longer proſpeCtives any two make a proſpedive 
reverſe, FS Þ- 

30. Aſecond convex applyed to the firſt, any neerer 
then the foreſaid diſtance,renders the object leſs, then 
when placed'in'this point; and applyed to it-within the 
center of rhe firſt glaſs repreſents it leſs the the firſt 
glaſs doth alone; and as it is put neerer, gill the leſ- 


, : I 
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ſer; and the union of the beams is the ſooner. iy a 
'concave added the contrary: happens ) the reaſon is 
becauſe then ſom few middle: rays of the firſt glaſs fall 
-upon the center of the ſecond glaſs; the. center of this 
being put within the point of their colledtion, 12nd w 
nion, C337 rs 
31. Again, a fecond glaſs being removed any fur- 
ther from the firſt, renders the object bigger, but more 
contuſed, till it comes to contufion,and inverhon. - 

32. Asa Convex glaſs removed/twicethbediſtance of 
its center from the objec 'preſents it inverſe, (ſee 27) 
ſo a ſecond convex, removed fram: the: center: of the 
firſt glaſs: ( where. the reverſed 'qbjedt is preſented nnto 
it ) twice the diſtance of its center, turns the obje& 
the contrary way, and reCtifies it to an eye placed be- 
youd center of this glaſs, but to an; eye placed in 
the center renders it contuled,.: A third glats placed 
at the 'ſame diſtance fromthe ſecond' conven,” will a- 
gainreverſe it. | 21 th 

33. The cheit nfe of Convex glaſſes ſingle, is for 
magnitying objects to the eye, which are _ with- 
in the center of the glaſs ; the.eye being. alſo nat with- 
out the center ( for els atter' the objects troigriod by 
the glafs, afterward it is not augmented by {ſuch glal- 
ſes, but much diminiſhed.) In this manner. are 1 
&acits uſed, being convex-glaVes ſom of a geater, ſom 
of a lefs circle. And when we would make the object 
( as ſuppoſe: letters) bigger, we:remove the glaſs further 


from it; the abjett as it. comes neerer the center Heing . 


more augmented ; or we uſe a ſpeQtacle more canves. 

34.” But tor the magnifying of objedts, which are re- 
mote from us, and far beyond the center. af convex 
glaſſes; which, if the eye: be placed: within. the-cenrer 
of the:glaſs appear very dim, . and; obſchre, 18: the 
eye beyond the:center; revericd ad ſmall; bete a 1e- 
cond glaſs is uſed, and that 1s I, Ci- 
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--1-/Either a cOncave -placed ineer;} or aclittle> befdre 
the center of the other glaſs, iand-the | concurrence bf 
the beams;which glaſs remedieth the confuſion the'eye 
finds there, and diſtinguiſheth, and disjoineth < an 
beams. And becaule the eye is applyedtclofe: to:it; be- 
forethe beams. are-much-{tragled ; it alſo-magnifyeth 
them and re _ the ing the ot-them farther 
off, asmay be feen by akin the. image: upon r 
thro theſe two glaſſes in'a da hen Es This i is 
the compoſition of the ſhort perſpe&ives wherein the 
viſion is dire&t. Or | 

2. Another conyex glaſs remoyed.from the firſt, the 
diſtance of. the ;centers of both the glaſſes, ( as: is ſer 
down {before n,: 28.) This is; the,manner of the larger 
prolpeCtiyes wherein the vifion 45. reverſe, By holding 
two convex glaſſes at this.diſtance one from another, 
and putting our eye about the center|ot-the'\neeteſt -we 
mayhave a proſpective without a Tube. | 

Quzre, concerning a ſhort proſpeftive compoſed of 
two convex glafles.-- h oo 903 v7 dots 061 

35. Imtheſe proſpeCives the firſt reverſeth the-ob« 
je, and the ſecond turneth it not again,not having fo 
much diſtance-from the firlt 'glals, as is ſhewed before; 
neceſſary to return it. ' But the ſecond glaſs placed fur- 
ther off will firſt render it confuſed, then invert it, 
. 36. The. reverſe appearance. of the obje&t ( which 
happens when the ;object 08 the vne fide and the eye 
on 2345 other are beyond the center of the-glaſs). feems 
to be on this manner.  Fhe objet- when;.come to the 
center; ofthe glafs, falls upon:1t onely by ſom middle 
fas or the rays coming-from the very. middle point 
of the obje& overſpread all -rthe glaſs ( as is ſhewed be- 
tore'x6,n.'). when all ſeems' confuſed, becaule ſeeing 
onely.Qne part,we ſee colour, but no figuregt the body, 
But' removed further it begins now to enter again on 
b'I ; C the 
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edges of the glaſs and to become viſible only by ſom 


oblique and croſs rays falling on either fide of the glaſs 


and-not by thoſe falling on it betore. 
Not that: the : 
beams croſs at fom 3 


diſtance of it more | as 
then at another, for þ : 
they ſtreaming al- | 


ways every W 

from every point of an obje&, ſo that the beams from 
any one point of the object fill the whole glaſs, and fill 
all the hemiſphere continualy ,” and therefore they 
muſt needs croſs one--another at all times : and hence 
it is' that two looking in the' ſame- lobking-glaſs do 
both ſee the obje; but in a different place of te glaſs 
according to their ſeveral ſtanding, as in fig. T3. | Not 
that the dire&t-beams, when the obje& is beyond the 
center, ceaſe at-all to fall on the glaſs, for the eye pla- 
ced within the center, ſees ſuch an obje&by its- direct 
rays, to wicheye the object appears: ſtill eret and 'nn- 
reverſe, ' but only that viſion is ſomtimes by 'ſm rays, 
ſomtimes by! others, as they are diverſly received by 
the glaſs, and thence refra&ted to the point where the 
eye 1s-placed '{vidconc. n: 4.) by reaſon of which 
I. It is now ſeen not ſingle, but double, as plainly 
appears if the glaſs be removed perpendicularly -from 
the obje&, and we look with both the 'eyes upon.it : 
when there will appear one-image on- one fide of the 
glaſs, and'an- other on the-other.' - Or, when covering 
halfe the glaſs yer one 'image will ſtill appear.” Indeed 
if we ſhut one eye we ſee but one image ; but-that 
image is onely on one fide of the glaſs oppoſite to the 
eyewe look with. As with the left eye we behold the 
image on the right fide. - Or, when looking with both 
the eyes we ſee but one'image, and that in a 2" 

0 


of the; glaſs; yet-then the glaſs muſt be removed-ſo 
much ſideways firſt: fromthe object, whereby we bring 
a fide image into the middle ot it. And: this-isthe rea- 
ſon why. to bring the obje& into the middle of the 
glaſs we move the a from the obje& not toward it: 
as we move-the glaſs to the left fide, if we would bring 
the right ſide-image into the middle, and full view: 
becauſe jyideed ſo we come to have: more full viſion of 
the repr#ſentation of, the, objet, which-is -made onthe 
right fide or the edg ofthe, glaſs. -' This appearance 
of the /obje doubled you may. perceive if the object, 
and lkewtfe the convex .glaſs be not large. But whe- 
ther it holds in greater convex glaſſes I am not certain, 
nor whether one image may not be ſom refraftion of 
the other by reaſon of the oblique'falling of the- object 
on the glaſs by their croſs'rays.  biort ror - 1 

For the viſion of the object appearing double and 
reverſe, I ſuppoſe it made as in fig. 14. | 

I4 re 5 
Object . | Obje&_ --; 


—————e——_—_ 


"Not: 


_— Eye Eye | 


'The viſion of the .obje& appearing ſingle 'and' re 
verſe, as in fig. 15, C 2 . 


Note 
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viſible, falls always on the fide'oF the gla 


« Note that the obje& bythe croſs rays; by which it is 
| $ that is op- 
poſite 'to''the/ place where it is,'as in fig. 16, t7, 18. 
(contrary to'dirett viftion- where - 16 
the beams by: which the” obje&t is 
ſeen, fall always on the ſame fide 
of the glaſs.) 'And as in viſion re- 
verſe every'patt/ of the object is 
ſhewed 4n-a/tontraty- poſition; fo 
the: whole obje@ is fhewed-in' as 
contrary a place of the'glals ;*as if 
the objeCt be on the'right ſide of - 
the glaſs, it appears on the left: 
as you may ſee by- putting a ſtaff, 
or -uny other thing::between -the - 
obje&t you hold in yonr hand *-'* 
aiittheglak. Thetmage- of which 
{taff hinders the fight; of the objeA, - 
as you moye it to and fro, not on 
the ſame fide, but the contrary 
to that where the/ſtaff ſtands, and 
hence to bring the object into any 
part ofthe glaſs you muſt move 
the glaſs,;*of it, juſt the contrary | 
way. F *% 

2. It leemgot direct, but re- 
verſed,” the-right {ide of the object 
appearing the left, qnd the upper 

art. the lower, bgcauſe the eye 
beinSbeyoad the/ center, ſees the 


object when fſityate beyond the - 
center, dacly y the reflexes-of 
the croſs beams, and ſo the beam 


coming from the right fide of the 


objetF; now- 45 carried-to the lefr 


Of Convex Glaſſes. 21 
fide of the eye,& e contra. Which thing we may alſo ſee 
in a plain lookin-glafs placed obliquely in reſpe& of 
the obje& and the eye, diredtly oppokte to one an- 
other, where" the image of the object ſhews. reverſe, as 


in fig. 19. 


J-4 


19 


Gaſs 


Now the ſame obliquity there is between the eye” 
and the obje&, and the right or left fide of a convex 


glaſs placed between them, as in fig. 20. 

37. In this reyerſe vi- 
fron we aw obſerve that 29 | 
the further the glaſs is re- 0 
moved from Io object 
the leſs is' the -- or i= 
mage thereof; and fo 
more quantity or breadth 
of the obje&t taken into 
= laſs. So that ſuch 4 
glals now Epitomizet <> 
aad diminifherh the ob- 
jeRt (in compariſon of _— viſion ) as much as it 
magnifyed it before reverſion : we ſeeing the object 
now far bigger without the glaſs then with it. The 
reaſon of which is becauſe the object is ſeen (when it 
or the glaſs is farther removed ) not by the ſame croſs 


rays as formerly. For thoſe prolonged do now ftraggle, 


and paſs beſides the convex glaſs put at a greater di- 
I: ſtance ; 


——_ * Of Convex Glaſſts: 
ſtaace.;; bat: by gther eros rays; 'wbichy are, narrower; 
theſe as they: are myoreextendedin' length, 10: jcoptrar 
ctingin breadrh; asin fig. 2 5. &79 21l1 bag Dgdo of; 
which alſo is''feer 10) the Jo 9% £4 93 hiadw not 
dire&t beams falling on a objet ,Q1 ."" 
plain glaſs, from which 
the further the obje& is 
removed, the cone is the 
ſharper, -and the repreſen- 
tation of the- object ſmal- 
ler, asin fig. 22. 
Tho this diminution of the 
object is much more ſpee- 
dy in convexes and con- 
caves, in the, reverſe .viſion.,, ,,.** 
. 38, And, this ;\lefleping.. . 
the obje& is more and.;ſoo- ... _ 
ner, the greater the* conve- | 
xity of the glaſs is. There- 
fore if we place a greater _...... 
c6hvex ( by greater con- .,.-- 
vex I always mean not a lar- | 
ger convex-glaſs,but a gliifſs | 
of greater convexity, which 


is that bevoren oe Ss... 


Circle) between oup eye and .. ....- Ii 
an other leſs convex at-lom- ,:...-..\ 
conſiderable diſtance5-the —— ML. 
other will, be ſhewed-by this -, oo 
glaſs in the middle of it... © 
. 39. Again place the greater convex neerer.theob- 
JeRand the leſſer at its juſt diſtance (o,'284) neerer the. 
Fc, this will ſhew more of the obje&,, bur Ic magni 
7 ir, then if they be placed the contrary. way,.”, The 
reaſon, is becauſe the objeR, by the greater! ares 
- | ot 
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ſet next it, is more diminiſhed at the center theteotf. 

40. Hence alſo the leſs convexity the glaſs next the 
object hath; the obje& js by ſuc {0p the leſs dimini- 
ſhed at the.center thertof.; and 1a ( the center of 
ſecond glaſs being laced at its center ) the bigger 
there this ſecond. glaſs finds theimage: of the objec, 
and-ſo the on Hente the more Couvex 
the firſt glaks ofa peRive: s;: the. 'objedt: thre itap- 
pears the Oe; lefſer -convex: the glabs is the ob- 
jeX's: the bigger. 

_ From + prong fitions- concerning convex 
glaſſes magnifying by: tranſmiſton ot beams, 
may: eaſily be gathered: the mh of the magnifying 
by Concaves reflecting the beams; 'where:the object ap- 
pears dire and 'much -greater then{1t)is,5 when; pla» 
ced' neerer-to: the: concave :glaſs then: its| Center; or 
thenthe-ſemidiameter of the ſphere, of which = 
glaſs is a ſection ; but: all confuſed when the obj 
removed. 'to-the: ſemidiameter,,'avd when! the 

begiry t&1crofs; again, the object. is ſeen onely-.on 
the hs as of the ala by croſs lines/and'reverſe, -when 
= 'is. removed | yond. the ſemidiamerer, ithe 
being-placed bepinn the center of the- glaſs. 
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7. ..A © S ina perſpective Convex , ſoin a :refle&ting 
, A Concave the eye.and the obje&t being placed 
© within the centeroof the glats; or feconaly the 
object being placed. within: the center, tho 

the eye be without, or thirdly the eye within the cen- 
rer chagghe obje&t be without, the viton is never re- 
verſe but dire&, becauſe the refle&tinns' of the direct 
and not of the croſs beams, come to the eye fo placed. 
2: As the/objett'is removed farther from the 'glaſs 
till it comestothe'center, it'is ſeen ftill bigger, and as 
it gtows bigger ſo a leſſer portion of it appears; till at 
laſt the mit Ile point of it fills the whole glaſs, which 


is whew it cometh to the center, and then all appears 
confuſed; becauſe colour onely is perceived, and-rnot 


the figure/ and bounds of any body:, of which we ſec 
onely one ſwelled particle: 'after which contuſion, the 


obje& becomes viſible again in all its parts by:degrees, 


tothe eye placed without the-center,but onely by: croſs 
rays, I ſay by them onely viſible, for els both direct, 
and croſs beams fall from the objec always upon the 
glaſs, whether the object be placed within or without 
the center thereof : ( ſee * aaa n. 36, and fig. 13.) 
onely imagine concave inſtead of convexes. And this 
is the reaſon why if the flame of a candle be placed in 
the center of the glaſs, the light thereof is ſtrongly 
darted out from the glaſs to a very great diſtance, 
( whereas placed neerer or further #, it gives a more 
faint refleftion ) becauſe the flame only { ſoplaced ) 
pofſeſſeth the whole glaſs; by which the glaſs ſends 
forth nothing but theſe beams. 
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3. If the eye be placed in the center of the Glaſs 
when the object is beyond it, all appears confuſed, ſee 
the ſame in perſpeCtive Convexes (n. 25.) becauſe 
more rays from all ſides of .the Concave come to the 
eye. placed in the center, and ſo a ſmall part of the 
object, fills all the Glaſs; for as an objec is ſeen by 
more rays, every part thereof ſeems bigger, and ſo the 
glaſs receives fewer parts. And when thus a ſmall part 
is ſeen, we diſcern the colour onely, but no figure or 
bounds of the body, and ſo all appears confuſed ; fo 
the neerer the eye is placed to the center, yet within 
it, it ſees the obej;, placed beyond the center, the 
bigger, and the neerer to the ſurface of the -glaſs. 
Likewiſe if the object be placed in the center of the 
glaſs, when the eye is beyond it, all appears confuſed 
to the eye, becauſe one cr point, of the- object is 
ſwelled ſo big as, to fill all -the glaſs, which point, 
ſpread over all the Glaſs, the eye placed at whatever 
diſtance can onely ſee. . SET 

4. Both the object and the eye being placed beyond 
the center, as it is in perſpetive Convexes, (lee be-+ 
fore n. 26.) ſo in reflecting Concaves the reflections of 
the croſs beams falling from the object, and not of the 
dire&, can come to the eye. And ſo the object ſeen by 
theſe beams, is ſeen reverſe or inverted, and in an op- 
polite fide of the Glaſs to that where the object is ; 
whence, to bring it into any part of the Glaſs as you 
pleaſe, you maſt moye it the contrary way. -- 

The revers'd image appears large at firſt, when 
neereft the center, and leſs and leſs afterward. And 
you may obſerve alſo a doubling of it, if you take ſom 
little portion of the Concave, covering all the reſt, 


and bring, the obje& juſt into the middle. Som, lighr 
colourd' and-ſmall/body will ſhew you this moſt plain- 
ly, as a candle,. a knife .hafr,, &c. See all thele  be- 
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fore obſerved in perſpe&ive Convexes, n. 36, 37. 
5. Now more cleerly to underſtand - the reaſon why 
an object placed without the center of a reflex Con- 
cave, to an eye alſo placed without the center, is ſeen 
onely by croſs-lines, and ſo inverted, when the obje&t 
{o placed to an eye within the center is ſeen erect: you 
maſt remember what was ſaid before of Convexes n. 
10,,11, From thence may be-collected that the per- 
pendicular, the: ſpreading or oblique beams on the 
fame fide, the crofling or oblique beams paſling to 
the'contrary fide, /are reflefted in a Concave glaſs di- 
vers ways ; ſom to, ſom beſides the center; ſom from 
the vertex of the Glaſs or inward ( as 1 call it,”) ſom 
from the vertex, or outward, and the ſame oblique 
beam alſo ſeveral ways, if the object be put in a ſeve- 
rat place. 'Hence'as the object by ſeveral beams coms 
tothe eye, fo the obje& remaining in the lame di- 
ſtance, and the eye being removed, it is feen' ered; 
when the eye is neereſt the glaſs, then confuſed, then 
reverſe,asthe eye goes farther off. Concerning the-par- 
ticular refleftions of them, therefore note ; 

r. Thar all the reflex beams of an objec never meet, 
or unite at the center, or any other point of the Dia- 
meter, as is plain from this ground, that the angles of 
incidence and refleftion are equal, which rule experi- 
ence many ways Cconfirmeth. And beſides, did all 
refleted-beams meet- in the center of the Glaſs, it 
would follow that no'obje& could be ſeen'by the eye, 
except when the eye is placed in the center. 

2. That any two beams,whether parallel ſphzrical,or 
conical, falling. from an object dire&ly oppoſite to 
the Glafs, upon it, at an equat diſtance from the'ver- 
tex thereof, will meet always in ſor one point of the 
Diameter, either within or' beyond' the center, it the 
Diameter be prolonged'to the place where they _ 
"Y C. 3. That 


har All. os Oe 89 a MX © -. i 


Of Concave Glaſſes. 27 


3. That all the perpendicular or parallel rays, which 
fall near the vertex of the Glaſs (which perhaps is the 
reaſon why Concaves are ordinarily made no larger 
then the ſixth part of the circle,becauſe a greater com- 
paſs little or nothing advanceth the effeft of burning ) 
where-ever the obje& is placed, whether within or 
without the center, meet and croſs one another near 
the ſame place of the diameter ,namely about the halt 
ſemidiameter, or half way to the center, as plainly 
appears in fig. 27. And the uniting of theſe beams 
there ( which are by much the ftrongett, becauſe the 
ſhorteſt) makes their pointing there ſo vigorous; and 
the uniting of them all, not in, bur neer the ſame 
place, as likewiſe of ſom other beams Spherical and 
Conical joyning with them cauſeth ſom latitude 
of the burning point. 

4+ That the oblique and ſpreading, or circumfe- 
rential Rays of an object placed within the center, 
are refleted qoutward' trom the vertex of the Glaſs, 
as1n fig. 31. - | Pig 

5. That' the- oblique beams of an' object placed 
without the center, ;are refleted inward'toward. the 
vertex, as the parallels ate ;:and ſom alſo-of theſe, 
ſuch as fall neer the vertex of the Glaſs, are united a- 
bout the ſame place of the diameter with the parallel 
rays, and ſo augment the unjion,. as in fig. 29. 

6. That the croſs -beams, or the oblique-beams , 
which fall on the: contrary fide of the Glaſs, being 
much more oblique then thoſe oblique ones which fall 
on the ſame-ſide, are refleted, not. inward or toward 
the vertex , as the other, but outward ; hence theſe 
croſs beams are the onely lines, that are refleed to 
the eye, when the' obje&t and it are both beyond the 
center, for whereas the other beams croſs ſooner, and 
ſo ſpread abroad and miſs the eye placed without the 
D 2 center 
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center, theſe onely: without crofling one another, ex- 


tend beyond the center, ( ſee fig. 30.) And theſe 


croſs beams, it the obje& beyond the center be neer 
the glaſs, fall neer the vertex onely from the middle 
part thereof, and are refle&ted with a more obtuſe 
angle, and ſo ſhew the object bigger to the eye, but a 
lefler portion thereof: but if the obje&t be more re- 
mote, they are refleted with a more acute angle, and 
ſo ſhew the object leſſer to the eye, but a greater por- 
tion thereof, as it happens alſo in plain viſion. 

7. That the obje& being a beyond the center, 
the ſphzrical rays unite and croſs neereſt to the center, 
the conical neereſt to the vertex of the Glaſs,the paral- 
lel ones in the middle between theſe two, ſee fig. 27, 
28, 29. 31. The objed& being placed within the cen- 
ter, the ſphzrical rays unite and croſs the further from 
the vertex of the Glaſs beyond the center and the ob- 
je&, and ftill farther beyond them, as the obj=& is 
more approached to the Glaſs. See fig. 25. 

8. That when any object is approached neer the 
Glaſs, many ſpherical beams from the middle part of 
it, enter the glaſs, which when it is removed farther 
oF,ftradle on either fide and mils the Glaſs, as in fig .23. 
p * 
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Again when the object is remote, many conical beams, 
from the extremities of it, enter the Glaſs, which the 
object being brought neerer, miſs it, 
as in fig. 24. 24 

In fig. 25.8 is the object placed be- 
yond the center, which 1s perceiv- 
ed at e, the eye, ( placed beyond the 
center) onely by g, g, the crols 
lines, whoſe reflections tend to- 
wards the eye, when as the oblique 
rays f,f, that paſs from it without 
crofling , falling upon the ſides of 
the Concave, have their refleftions 
inward between the vertex and the 
center; and the perpendicular rays h h,as alſo the coni- 
cal,that croſs not before they touch the glaſs, have their 
refleftion toward the center, and there croſs one an- 
other. And therefore the object « is vitible to the eye, 
e by none of theſe. 


ter. 


jet within the cen- 
ter diſcerned by the 
eye c, placed within 
the center alſo by co- 
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Fig. 27. ſhews the 
reflection of parallet 
lines at equal angles, 
where, 1t the two 
lines cut off two e- 
qual ſeftions of the 


muſt needs, be equal: | 


Again-s is the ob-: 


nical rays. 14g 


circle, their angles , 


Y Of Coritave Glaſſer. 
In fig. 26: a is the 'obje&; placed wirhin the center 
appearing not reverſe, but direct; by the reflexes of the 
ſpreading lines &4to the eye e, placed without the cen. 


——_—_ 


Of Concave Glaſſer. 3T 
Fig. 24. ſhews the refleQtion'of Lines conical. a 
o< lo? 21] I {L017 $43 2$ i 4 3 / 
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Fig. 29. ſhews the re- 
fletion of Lines ſphe- _ 
rical, the obje& being 
placed beyond” the |, 
center. 
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"of of Contave.Glaſſer, 
Fig. 30, ſhews: the | reflection of croſs. Lines,. thoſe 
that paſs thro the center, reflec upon themſelves, 


z0' 
Obje& 


Fig. 31. ſhews,the reflection of Lines ſpherical when 
the object a is placedwithin the center, 
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Of Conrove Glaſſes. "TB 
- 6 The point of upipa;of the obje@t: taken upon: pa- 
per 15 the. plach of\confaſion. of the objet;' af yow put 
your eyein the.,place of the-paper, -ſee the reafon' no. 2. 
7. Lhe union.oftthe objec” ('when taken: upon pa- 
per ). or contuſion: thereot, (when look't on ) is not 
always at the ſame diftance from the Glaſs, but is va- 
ried-as the, objeft-is broughtineereftrunto, or remoyed 
farther from the, Glaſs : when the obje&t.1sneerer. rhe 
Glab, the pnion4s ata;grenter diftgnce from the 
( exceeding. the; balf. ſemidia metes;) (©, contra , when 
the ,objc's, farther off, -the: union is-neerer. | Sorthe 
object being put buta littlerwithopt the'center,the 'u- 
nion of it is about the:ſame: diftange/from: the Glaſs as 
the objec. is; bat the object» being: brought. to',:' or 
within the ſemidiameter, the union is beyond the cen- 
ter, and. the ,neerer; yet;.the; objedt is approached to 
the, Glaſs, | ftill,.the- wpion is more; remote. deyond the 
center. , Again, 7Whea the: object as,placed not far be- 
yond the center,, the: paiotyis,jtho always within: the 
center, yet more remote'fram the,Glafs; :then thehalt- 
diameter.,therepf;); Hur; when! the: object-is/ removed 
beyond the'center to ſam-great diftance, :the/unjon- is 
made neerer-to the, gla{s,; and. 'continnes' much what 
about the, half femidiameter, 'or ſomthing alſo with- 
in it... /T his yqu,may. try þy:the flame of a-candle:; mov» 
ed; neerex or. tarther off, -and the;pojnting or union of 
its beams taken upqn paper./; So;ok two objets; - both 
beyond-.the.center, the neereſt,ofithem may -be ſeen 
confuſed, if the eye be placed by it, when: the fartheſt 
of them.is; ſeep reverſe: ; i And the lame; likewiſe is ob- 
ſerved in! pesſpeRtive.Convgxes,, that objedts farther off 
So'itjs, oblgrved, that the beams zo 9bjedts: xemore pal- 
hog, zhrp. a holes into) ;4-darkaed- goom,; concentrate 
laoner, upon the paper, chan thoſe af gbjects/'neexer. 
DINd49 The 


33 Of Conewor Glaſſes. 
The reaſon of this '{ a3 Ticoneeive )'i3, becauſe the u- 
niow-of  objeRs atar of, 'is rriofe by the conical rays, 
and ſo 'this' anion is acerer the vertex'of the Glaſs; of 
obje&s ncerer by the/ſphericsl rays; and ſo the: union 
is more. remote fromthe vertex; as nay be ſeen fig. 28, 
2H. PF GON 

8. As for refraſtion'of- beams, as they paſs thro a 
perſpective convex, I-conceive that in all things it cor- 
we mer" exaRly: to 'the-teflettions of them in Con- 
caves ; becauſe] find im theſe! purAtually all the fame 
concluſions and? experiments, as in -reflexe concaves; 
which would” nvt be if the beams of objes were any 
otherwiſe diſpoſed2nd'modelled;'  - + 

The perpendicular rays have no refration {v. Conv. 
m. 2.) is 
- The conical rays are refrafted within, of neerer to 
the Glals rhen itscenter; form of them alſo being per- 
pendicular to the'convex, / and fo paſiing thro withont 
any: refraction, and-/by'thoſeis the object feen' by the 
tos within the'center. 1 

« circumferential; as likewiſe the intercrofling 
beams , 'becauſe they  fall' tore collaterally and ob- 
hquely on the Glaſs, Yo not receive im their motion ſo 
much check - and hinderance' trom it, as do the per- 
pendicular ones, and -therefore- are refratted beyond 
the' center of the GlaK.: 'The objet placed within the 
center, being feen''by* the one, i; e: by the circumfe- 
rential; placed without thetenter,by the other,i. e. by 
the croſs beats, 1 1 VN) 

9. Henoe may be gathered the reaſon of the length, 
of protrattion of the Concomfe or union of the beams, 
x/hich 'is oblerved im thefe berning Glaffes; becauſe 
there are many vblique/berms, 'whrch from each fide 
ate refletted neef the center, which paſsnot juſt thro it. 
- xo. "The place of 'the appearance, or +" = 
: | ObJe 
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obje& is very © various , according to the figures of 
perſpective glafles. A plain pefſpective glafs ſhews the 
obje& in its due place, aConvex perſpeRtive renders 
the image of the obje& mach neefet then indeed the ob- 
ject is. A Concave perſpeAive nach farther of. Agarnof 
refleting Glaſſes, a plaitz one ſhews rhe image of the 
objet as far behind the-Glafs,' as the objeR- it ſelf is 
before, or ſhort of it, the diſtance of the obje& being 
repreſented by its beams as well as its magnitude, and 
colours. And indeed were 1t as unufual a fight, it 
would be every whit as ſtrange & one, to ſte on the ſur- 
face of ſuch a plain Glaſs(no farther paſſable by the ſpe- 
cies) the repreſentation of an object 'asit were dived 
and retired a great way thro, and beyond it,as to ſee on 
the farkdeoats Concave the image: thereof as it were 
approached much .neerer to us. A reflef&ting Convex 
ſhews the image of the objet within or behind, bur 
always neerer then the center thereof. ' A refleftin 
Concave - in dire& viſion, when' the object is dlaced 
within the center of the Glaſs, ſhews the-niiage 'there- 
of behind the Glaſs, and as the'objedt is broaght neerer 
to the center,and'as it grows bigger, it ſhews it neeter ro 
its ſurface ; and when the object is in the center, it ap- 
pears in the very ſurface of the Glaſs: removed yer far- 
ther beyoad the center, the image appears before; and 
5 it were coming forth of the Glaſs: For note; that as 
the refle&ed line which onely is ſeen! by the eye, and 
not the line of incidence, ' is repreſented in-dire@ viſi- 
ons much longer then ir is, and fo the ' objet ſeems 
much beyond the Glaſs: fo in croſs vifion, which is op- 
pofite in all things to dire, the obje@ ſeems mach 
neerer then the Glaſs;becauſe the reflexe of the croflin 
beams appears much ſhorter rhen it is,and lefs remo 
from the eye; the: crofling of the beams much dwart- 
ing'and ſhortaing them to appearance. AS any line'of 
| E 2 
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the ſame length mug forth, or perpendicular 
from the object ſeems!to go farther from it, then an 0- 
ther drawn obliquely,as in fig 1 | 
32, 4b is the-direct; ray, @ <:the ., | 32 
-oblique' of the-ſame lengths, |! 4 __ 
which ſeems;not to:beiſo long.; ;! + . + 
Again; the, neerer the object | 
beyond: - the - Center. -:45'. ap- 
proached toward the center, 
the more .. is the image ſeen 
beforg; the-.Glaſs :.- andthe _'' | 
farther; doth-'ir come-forth, | 
and |the. bigger itis:-1o that. 
the, image may:be,adyanced ; - :.-* 
neeres; £0 the.cye, then the object it ſelf is,if the obje& 
do not directly meet and ſo hide it, but be put a little 
on vne fide.' But as any part of the obje&t cometh to 
the center,» ſo the,anſwering part - of the image be- 
coms'-contuted, and-appears-onely 1n; the ſurtace of 
the glafs-.(according:'to:n. 2. 3.) | 
And here -ndte that a.greater-.portion ofa circle is 
required: to reader -the. image lively, and much: ad- 
vancing before/the Glaſs; els alittle portion of a Con- 
cave, where thefides'have no great latitude from the 
vertex; will ſhew-the object; reverſe indeed, and du- 
plicated-;; but: not coming forth. So likewiſe the 
more. you move the,objeg tothe vertex or middle of 
the glaſs, the [more the,image .adyanceth before the 
Glaſt and is more;liyely and diſtinct; but move the ob- 
je& never {o little, ide-ways, tho this declination be 
very inconſiderable in reſpe& of the breadth of the 
Glaſs, and the image is gon out of the . Glaſs, ſo:mov- 
ing the. obje&. fide-ways, ſuppoſe! three inches, puts 
the image out of a Glaſs, which is, ten: inches/broad ; 
whereas the objec,-when not-neer'the center, [and its 
-. image 


— 
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image not ſo emergent, . may be be laterally moved 
much more ſpace without its quittingt he Glaſs. 

To know the place of the image in the ſeveral re- 
fleting-glaſles. | | | 

Here you muſt remember, that tho the obje& doth 
caſt its rays upon all points of the Glaſs, yet it can be 
ſeen onely by that ray, which. falls from ſuch a point, 
from whence the angle which it makes with the Glaſs 
at its incidence, is equal to that which it makes with 
it when reflected to the eye. | 


r. In plains we muſt draw 
two perpendiculars by the 
ſides of the objec, and the 
Glaſs, and then continue 
the lines of refleftion till 
they croſs the perpendi- 
culars, and there 1s the 
place of the image of the 
obje&, as infig. 33. 6 

a is the objet, b b the 
Glaſs, cc the place of the 
image. 


2. For Convexes:iwe muſt draw two lines from the 
center of the Glaſs to the extremities of the Object, 8 
then continue the lines of refle&ion, till theſe croſs 
_ thelines from the center drawa to the-extremities of 
the Obje&, arid” there is the place;of the, image as in 
bg: 34. « isthe the -Object,, 4 b the Glab,..c EPI 
| £97 race 
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'" 


ries of the object. - . to : 
| Where note, that the neerer 
this ' obje& is brought co the 


Glaſs; the-wider will the lines 


drawn from the center, to its ex- 
tremities, be, and the croſiing 
of them by the lines of refletion 
ſooner ; and ſo the image big- 
ger, and neerer the ſurface. 

3. For Concaves in direct viſi- 
on, when the object is within the 
center of the Glaſs, we muſt draw 
two lines from the center of the 
Glaſs, by the two extremities of 
the' objet, and 1o 
continue theſe lines 
to the circumference, 
beyond 'rhe Glaſs: 
then continue the 
lines of/ refletion til 
they croſs the other 
drawn from the cen- 
ter, and there is the 
magnitude and di- 
ſtance of the image, 
aSin fig. 35. wy 4s 
objet, 6b 6 lines of 
refle&tion prolonged 
tilFthey-cut the cen- 
tral lines 'drawn by 
rhe- extremity” of the '' --; 
objet, at which 'in- 
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the image, where the lines of reflection 
crofs the lines drawn from the center ro 


34 


| the: image is ſeen, Where (obſerve alfa the 


prolonged , 
the extremi- 


I 


reaſon, 
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reaſon, why the obje& placed within the center, the 
neerer to the center it is, the image -thereof appears 
the bigger, and the neeret to the ſurface of the Glaſs, 
becauſe the central lines drawinby the fides of the ob» 
jeR, are widened, as the obje&tis brought acerec tothe 
center: hence the image made between them is big- 
er, and the lines of refleQion matt ſooner crots them, 
kk doth the image dfaw neerer to the fartace of 
the Glaſs. | Þ rs | — 

But in reverſe viſion, when the object is beyond the 
center of the Glaſs, and the image thereot- appears not 
in the circumference beyondthe Glaſs, correipond: 
to the center of the Glaſs, bat between the eye and the 
vertex, as it were in a circle corr ng £0 iT. 
To find the place of the image we muſt draw two 
lines from the vertex or middle of the Glaſs tothe ex- 
tremities of the objeCt, þ- 
and where the lines 
_ of reflection enter firit 
within theſe two drawn 
to the vertex, there i5 
the place of che image; 
asin fig. 36. $.4.8t 

jet beyond the cen- 
ter of the Glaſs, 6b. s. 
b. a.) lines'4rawn from 
the extremities of the 
obje&t #0 the'vertex of 
the Claſs, c. e. the place 
of the image, where the 
the lines of refledbion 
croſs thoſe to the wver- 
Viſion by croſs lines 
whereby the obje@ ap- 


- 6 
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2. pears reverſe ;\.is ſuppoſed to | 
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as'in figo137. 1 1 | 
The reaſon of the appear- 
ance, and: coming forth fo | 
much of the image' before }. 
the Glaſs when the objec is 
very neer the: center, ſeems 
to be, becauſe the neerer_ to 
the center the obje&t is 
brought, the lefler parcel of: - - 
it fills: all- the: Glaſs, and 1ſo 
that parcel-is rendred much 
bigger; _now.'in this magni- 
yung of it all its dimentions, 
the length - as well as the 
breadth: thereof,-'are enlar- 
ged ; and the length being 
thus enlarged, it muſt needs | oxratfus 
ſeem to ſtretch out and com forth  fartherz and to 
com forth more, the larger the, glaſs is, .which ſuch 
pay ines : /and therefore when the fides of the glals 
e no great latitude from the-vertex, as, when a 
m_ portion of the Concave'is uſed, and the reſt co- 
_ the obje& either coms not forth; at all, or not ſo 
much, . \-—-- | | t'3 to 
And the more the object fills the Glaſs, and its crols 
lines ſtradle, and extend to the fides thereof ,, the 
more the”image is repreſented; before the'Glaſs;:,. be: 
cauſe ſo the lines of refletion croſs thoſe drawn to the 
vertex, (at which crofling the image onely appears) 10 
much the _— or neerer the eye: and ſo, alſo. the ji: 
mage is repreſented bigger, becauſe the lines; drawn 
to the vertex, here the reflefting lines croſs them; 
are broader. Now the neerer the/obje& is-a pproach- 
ed to the center:ofthe Glaſs, the croſs lines at che, pars 
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ther from the vertex, and' hence the-:image' cometh + 
forth moſt;-when'the'6bje 'is 'neereft-the/center,- and 
then ;alfo it comerh forth: re farther, if wotorce the 
image more'to {6 fide of the'Glafs,' by removing the 
objeQ a little! t6wards* the" other fidezfo that the i 
mage” and 'obje@-paſs beſides 6ne/anorher; when the 
eye may 1ee'both the npper and lower fide of the object 
at once;” one/in the object it ſelf, and! the orher in the 
reverſed 'image thereof. * This: refleftion alſo of the 
obje& wherr 16' feer” the'eenter; from: wr rr— oy of 
the Glals,'is th@ reaſon; why arthat.timelths teſt fide- 
way 'motion/of it” puts it out*pfthe Glaſs,! as was noted 
before: yet the 3mage;'wheti thus coming-torth;: ap- 
pears ofdely 42 thermiddle of the Glals; becauſe it ap- 
pears onely'whete the refletedilines crofs the Vertical: 
and perhaps this is the cauſe alſo why the obje&; which 
isdupticated ini ſmall; porrion of: the-Contave, when 
it coms thus-tgrthin/alarges lis joyned! ihrofiess 1195 
- The cheifuſesof the tefleiog: Contaves arety.: For 
burning 4Wwhichiit doth more! metitly,> rheh @per- 
ſpetive Convex: - becaiiſe;, where asbalt the beams #6 
not paſs thro thar; but that fom 'are reflected ; in; this 
nonepaſsthroj'bur all arexrefleted/- 2. For darting 
out” to igfreat diftance the: beams:!'gf'» humitions 
body ; iledn/ placed! an fins centet. -3\2 For thepleas 
faretof feeing the images: of-thitigs? repreſerited "ui 
= it (eſpecially white and lacid botys;}:which:when 
hey ar@ifituared beyond irs center, ſhews theny not 
immerfet and' behind it; asplain looking-glaſſes do, 
Sus mars 6 25ithr none 9799008 ogy 
{Many 'of' the apparitions 'of-an ohject 'to the" eye 
(lookingthirs ComterataBendivertlynp cedianapoBe: 
Res i wdarkiied'room? upon a paper applyed' iti'a 
right Riſtatic&to Geh Glafſeeficty:difpoſed,7) 77 © 11077 
| . F Ang 
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of the 6bject ſeen; Hall upon the two ſides ſo tuch apts, © 


#2 Of Concave Glafſds+", | 
::And; here firſt) note, that, the/Retina'or bottory of 
the eye anſwereth-to.the paper, upon which the image 
appeareth, the:Chriftalline humor-to the Convex glats, 
thre which itipaſleth;\and: all the reſt of the eye, { ex- 
cept: the: hole of the; pupil )-.is as} the darkned room. 
But. yet-abſepve, [that wheress-the image is hgured rey 
verle- upon the-Retina, -ybt the eye;orperion ces tie 
2 kind- of fubtler feeling, or touching as it. were the 
objec at a diſftance- by the ſtraight: ſtaff of the ray 
coming from it; 'Fherefore by the.beam touching the 
rpartofthe:Reting; it toucheth or/apprehenderh 
Jawer part-of the{ objefts; andie contra; Asablind 
man by his ftaff:pointing downward gathers, the thing 
touched tobe below; which he would collec a5 well, 
were the ſta made faſt to-the'obje; - aud he felt onely 
the upper end. thereof TiheT 
- -Henes alſo'þy: the: tea$ of; the Qptical- axes from 
both eyes tending-to the ſame puntuat place;: orfrom 
the ſame Nay; neg the eyes,' the fight per- 
ceives the: objeft-tabbone andthe ſame byrwherd 
many ſexerd} and- -y mar \lines-'are-made by /any 
fault in ſom parts ot the eye, ' or refraction in the mer 
dium, ( as by paſſing: the rays;thro many: ſaver :zLholes, 
er thra:a diaphanous body confiting of many ſeveral 
plains and- avgles ) hore one fingle. ::t@\the ſame 
eye appedrs-maltiplicious, and as being in many-eve- 
ral pjages wherett not; io fs bo 52G) 7 
; Sceandly- note. that the Chriftalline humour, and 
the, Retina in tho oye anfwering toa Conves glak and 
the paper, the eye when uſing a Convex: glals an{wers 
tw4w9 Convex glaſlerand the: peper,: and ſo-the appa- 
application to-onc Convex: glats,: maybe fhewed allo 
upon a papet in4nelia-roam thro two Genre: Walles 
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Of Coritave Glaſſes; "43 
.-- Burthied ly note well, that if we g6-to'compare'the 
repreſentation"vt the obje&t / which -thr6 a hole, or 
Convex' glaſs; it makes upon” the paper with that 
which thetye viewing'it throſach a'Glals receives, we 
ſhall-find a maindifference: becauſe 7 as Tſaid before) 
the eye and one Convex anſwers not to the paper 'and 
one, but two! Convexes. | For whereas upon the pa- 
per placed at the center of ſuch a glaſs, the -obje&@ ap- 
pears molt cleer and diſtin; put the eye in the'ſame 
place, -amd look thro (the Glaſs npon- jt, and it/appears 
confuſed, - Again” when upon-the paper removed 'two 
centers off. 7 after the crofling,” and ſpreading abroad 
of the rays ): all appears confaſed;, or nothing bit 
light inftead of the object, to the eye placed there the 
object appears cleer,, and diſtinct, onely reyerſe. A- 
gain that -the objeQ- may 'appear reverſe «to the eye 
ooking thro a Convex, the eye muſt be phced beyond 
the center of the Glaſs os one fide, and the object alſo 
beyond the” center of the Glaſs on the other fide ( fee 
re- of Convexes; h. 28.) and there are two, interſe- 
ions of the' rays by which the abject is ſeen, one be- 
tween the odjecs: ant the glaſs, another between the 
glaf and theeye; ſee of Convexes; n. 36.) But the ob- 
ris repreſented ina darkned room reverſe upon the 
per { whether there be a Convex glaſs, or no ) onely 
'theoroffing” bf 'the 'conical rays, 'not juſt at. but a 
little within the” hole, where they epter, between it 
-Fo | EE the 'repreſentations of Objefts . 
=_ paper, thro:ſom fmall hole-in a darkned room, — 

obſerve, |that whether a Convex glaſs be ufed or no, 
the viſion is much what after the ſame manner. The 
obxet-isepitortiized always, -and rendred lefs then it 
Ss, and appeareth there more exact, diſtint, and 
pleaſanc 5. by reaſon of the- impediment of —_ 
3O9TEN L F 2 ig r, 
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F Of Contave.Glaſed. 
Jight,, whichdarkens other weaker objects abroad, here 
zemoved,; as,perhaps, alſo. by. ſome coartation,: and 
conflux ,.and-retraftion- of the: beams in this narrow 
paſſage , more! then'in a free viewiof the objeCtiit ſelf; 
onely it there be -no Glaſs, the hole: muſt: be 'rhade 
ſo .much the leſſer ( not exceeding the bigneſs of a 
little finger.) Likewiſe in reſpe& of ſeveral objecs, 
the - paper. muſt have a diverſe application: to ſee 
them.more cleerly ; for remote objects; it-is tobe pla- 
ced neer the, hole; for neer- objects, :farther-off. See 
the,reaſon hereof, n. 7.-But: firſt, a; Convex glaſs pla- 
ced, at the hole by more-uniting; the, rays, makes the 
obje& appear. upon the ,paper placed. at the center 
of the Glaſs, much more diſtinct, onely ftill reverſe 

Again a ſecond Convex placed beyond the center 
of the firſt, where the rays are {o ſpread that nothing 
but light, .or a contuſion. of. them; appears: upon 'the 

aper: : 2 ſecond Convex, I ſay, there hos recol- 
ſects and reverts the rays, and makes the. 'obje& to 
appear: upon the > Paper -placed at- the center» of -this 
Glaſs, diſtin&:and-'eretted. ';// And if another Con- 
vex be placed between this glaſs and the firſt, 'namely 
at the- center of the firſt- Glaſs, it will not prevent, 
or hinder altogether 'the crofling and- ſpreading 
ct the rays, but onely moderate it, -and :bring more 
of. them, { kept, from, greater -ſtragling;) into: the 
Glaſs, that is behind it: by -which the. object will ap- 
pear more lively and cleer if three Glaiſes-be' uſed 
then it two onely..” For-the- fartherthe;;image:of 'a- 
ny object is prolonged by Glaſſes, it ( by reaſon of 
the ſtragling "of many rays) will appear { c#teris pa- 
ribus) more faint and dim. & 1] 

A ſecond :Conrex placed neer tothe; firſt within 
its. center, ſhortens the- concourſe or.-union 'of-:the 
beams, and lefſens the obje&; .and ſo ſhews the _— 

diſtin 


, 
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diftin&, and leſſer upon. the paper drazyn.neerenz: 


traty a Concaveio applyed, prolongeth the concontll ; 
and enlargeth the object; aud ſo;ſhews the, image dB 


ſtint; and greater,upon the paper removed. farther; 
as inifig., 37- A Convex glaſs placed - before -the 


37 
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paper , whereon the object is ſeen, unites the beams, 
and makes the obje&t moſt diſtindly viſible at b, ano- 
ther Convex being put betore that Convex, at a fit 
diſtance , will unite the beams ſomwhat ſooner, and 
make rhe object moſt diſtinly viſible at a ; but a Con- 
cave being put in ſtead of this Convex, will render the 
union ſo much remoter, and will niake the obje& moſt 
aliſtintly viſible at c. 

Hence alſo in the eye, when the Retina is too far 
from the Chriſtalline humor, and beyond its center, 
or too neer it, and within its center, ( at which cen- 
ter onely viſion is perfteCt and diſtin) or ( which is 
the ſame ) when the Chriſtalline humor is too much, 
Or too little convex in proportion to #, our fight is 
helped by the uſe of a Concave glaſs, where the Chri- 
ſtalline is too convex, and by a Convex, where it is 
too flat. So alſo men, that ſee things, well neer hand, 


but dimly afar off, are helped with a Concave glaſs, 
others, 


BY 


My <q 
'$y . 12 
mw 4 FT 

. = + 


SHT% 4+ 
lad 1 © 


- 
- 
» o 

* "= 


” 
iy k C * ©, * 
-£ o " L 
_  — WORM wore EAA wg 4%: 0 4 _ 


"' If Contave Glaſſes, 


ethers; thar diſcern things well afar off, {as ſom old 


men' do') but dandy things neer;- are helped with a 
Convex upon 'the ſame Teaſon: ſo likewiſe: the eye 


hath a power of varying its 'globofity, as the obje 
being very neer, or very remote to the eye, hath need 
to have the center thereof abreviated, or prolonged, 


